The results of a 1355 square degree survey of high galactic latitudes conducted from 1990 to 1995 with the Arecibo radio telescope are presented. The majority of the survey was performed at 430 MHz with a 32 channel 250 kHz lter-bank sampled at 4 kHz. A 7 sensitivity of 1 mJy was obtained for pulsars with periods down to 3 ms. This survey yielded 5 millisecond or recycled pulsars and 14 slow period pulsars. In addition, one millisecond pulsar and 4 slow period pulsar candidates have been identi ed, but are as yet uncon rmed. One of the new slow period pulsars appears to be associated with the supernova remnant S147 located towards the galactic anti-center.
Introduction
Results from recent pulsar surveys have brought the number of known radio pulsars to at least 706 , with over 150 found since the last pulsar catalog was published . When compared to earlier surveys, the current generation of pulsar surveys o er an increased sensitivity to faint short period pulsars. Compelling arguments still exist for continuing large surveys of the radio sky for new pulsars. These include the study of a broad range of topics such as condensed matter physics, relativistic plasma physics, stellar evolution, relativistic gravity, planetary formation, and the structure of the interstellar medium.
In 1990, an in promptu millisecond pulsar search of high galactic latitudes resulted in the discovery of two fast pulsars, PSR B1257+12 and PSR B1534+12 (Wolszczan 1991) . The success of this search prompted a large-scale high latitude sky survey extending from 1991 to early 1995, the results of which are reported here. Other extensive searches have also been carried out since 1991 (e.g., Camilo, Nice & Taylor 1993 , Foster, Wolszczan & Camilo 1993 , Johnston et al. 1993 , Nice, Taylor, & Fruchter 1993 , Thorsett et al. 1993 , Bailes et al. 1994 , Camilo 1994 , Lorimer et al. 1995 , Lundgren et al. 1995 , Ray 1995 . In this paper we present the results of a wide area survey for radio pulsars conducted with a mean sensitivity of 1 mJy at 430 MHz. We review details of the observations in x2 and in x3 we discuss the results of the survey.
Observations
Observations were made from 1990 to 1995 using the 305-m radio telescope at Arecibo, Puerto Rico. We searched a total of 2128 square degrees of the sky, including regions later rejected due to strong radio frequency interference (RFI). For logistical reasons the survey was conducted in annual segments, reported here as separate observing campaigns. Three surveys covered a region between 13 h and 18 h in right ascension 3, & 4) . The nal season (HL-5) covered constant declination strips across all right ascensions, as assigned by the telescope scheduling committee (3 {4 , 8 {9 , 13 {14 , 18 {19 , 23 {24 , 28 {29 , and 33 {34 ) . We include the original survey in 1990 (HL-1) in Table 1 for completeness.
The majority of our survey covered areas of high galactic latitude. This resulted in a cooler galactic radio background and lower integrated column density of electrons than surveys of the plane of the Galaxy, thereby increasing our sensitivity to faint, fast pulsars. The telescope was used as a transit instrument by xing the azimuth of the feed at either { 4 { 0 or 180 degrees and observing at constant elevations. All of the observations used a 430 MHz line feed with a 3 dB bandwidth of 10 MHz. The signals for programs HL-2 through HL-5 were received in opposite senses of circular polarization and passed through a 2 32 channel 0:25 MHz lter-bank spectrometer to cover 8 MHz of receiver bandwidth. Both polarizations were detected with a 330 s time constant, summed, three bit sampled every 250 sec, and recorded to magnetic tape. Each beam contained 2 17 samples by 32 channels, collected over 32.768 seconds. The integration time was comparable to the time that a source remained in the telescope beam, approximately given by 40 s/cos , where is the source declination. The HL-1 survey used a three level auto-correlator to synthesize a 10 MHz 128 channel lter-bank. The correlator lags were sampled at 506 s, four bit digitized and written to magnetic tape.
The data were processed in an interleaved fashion, so that consecutive 32.768 second integrations were separated by a half integration (16.384 seconds), representing approximately a half beam-width on the sky. This interleaving results in improved sensitivity to pulsars that might otherwise appear between beams. The time series recorded for individual channels were dedispersed at 64 trial dispersion measures ranging from 0 to 50 pc cm ?3 , Fourier transformed to form a power spectrum, and searched for harmonically related peaks above a preset 7 cumulative threshold limit. The 50 highest signal to noise candidates for each of the sums of 1, 2, 3, 4, 8, and 16 spectral harmonics were saved for a given trial DM. Promising candidates were examined by folding the original data at the nominal candidate period. Candidates with viable pro les and correct dispersion characteristics were then selected for con rmation observations. Nearly all candidates selected for re-observation resulted in the detection of new or previously known radio pulsars.
During the ve observing seasons this survey covered 91,000 independent positions on the sky, primarily covering northern galactic latitudes from 15 degrees to the galactic pole. A map of the sky surveyed in galactic coordinates is given in Figure 1 . A total of ve millisecond, or recycled pulsars, were discovered, along with fourteen new slow period pulsars. In addition, four slow pulsars and one millisecond pulsar listed in Tables 2 and 3 were detected but still require con rmation. Due to the ongoing upgrade of the Arecibo telescope we have been unable to use the instrument to re-observe these sources. We believe that the initial detections of these ve sources are strong enough to warrant the inclusion of these candidates in our discovery lists.
The steadily growing contribution of man{made interference to the data seriously impacted the survey by causing a non-uniform sensitivity as a function of sky position and pulse period. Sources of the interference varied, including local sources such as construction { 5 { equipment and motor vehicle ignitions, and remote sources such as naval and aircraft radars, airports, and communication activities. In total about 36% (773 square degrees) of the data were lost (HL-1 through HL-5), and more than 60% of data had some background interference of varying strength.
The four surveys HL-2 through HL-5 used identical data acquisition hardware and have the same sensitivity to the detection of radio pulsars save for variations in the RFI environment on the particular observing day. Figure 2 shows a calculated limiting sensitivity plot for our survey as a function of pulse period for several values of dispersion measure. For this survey the signal received in a 250 kHz lter channel is dispersion broadened over one 250 s time sample for a DM max = 9:6 pc cm ?3 . Combined e ects of dispersion and nite sampling lead to a progressive deterioration of sensitivity to periods shorter than 3 ms. Also plotted in Figure 2 are the approximate detection ux densities (based on discovery signal-to-noise) for the pulsars discovered in our survey. These values can be substantially lower than measured ux densities due to (1) the initial detection being o of the nominal beam position, (2) the loss of ux due to the time constant used in collecting the search data being longer than the intrinsic pulse width, and (3) the pulse width being wider than the assumed 5% pulse duty cycle (e.g., Stokes et al. 1986 ).
Discussion
The success of the surveys HL-1 through HL-5 at nding fast pulsars agrees with early suggestions that the population of recycled pulsars is distributed more isotropically than the population of slow period pulsars (Johnston & Bailes 1991) . Our ndings suggest a rough surface density for fast pulsars of about one every 200 to 300 square degrees down to the limiting sensitivity of the Arecibo survey, in approximate agreement with results of previous surveys. An anthology of the pulse pro les of the millisecond pulsars discovered is shown in Figure 3 , and simpli ed versions of their timing models are given in Table  2 . Timing data for the pulsars discussed in this paper came from a variety of hardware including the Arecibo auto-correlator, the Princeton University Mark3 timing hardware, and the Penn State Pulsar Machine (PSPM). All of the timing data were reduced using the timing package TEMPO (e.g., Taylor & Weisberg 1989) . Complete timing models for PSRs B1257+12, B1534+12, and J1713+0747 can be found in the references. Detailed timing models for PSRs J1640+2224, J1709+23, and J1737+13 will be published elsewhere when more data become available. The 6.218 ms planetary system PSR B1257+12 has at least three approximately Earth mass bodies orbiting around it (Wolszczan 1994 ). The 37.904 ms pulsar PSR B1534+12 is in a relativistic binary system containing two neutron stars (Wolszczan 1991) . Three additional millisecond binary pulsars, all with low mass (presumed) white dwarf companions were discovered. The rst low mass binary, PSR J1713+0747, has excellent timing properties and clearly shows Shapiro delay arising from the propagation of the pulsar signal through the distorted space-time metric surrounding the companion star (Camilo, Foster, and Wolszczan 1994) . The second low mass binary, PSR J1640+2223, has an extremely small period derivative which may imply an exceedingly low surface magnetic dipole eld strength. The other low mass binary, PSR J1709+23 is in a day-to-month long orbital period as determined from changes in the pulse period due to orbital Doppler acceleration. A possible 3.7 millisecond pulsar (tentatively named PSR J1737+13) was discovered very recently and has yet to be con rmed.
Our surveys have uncovered a total of 21 slow pulsars (plus four uncon rmed sources) including the re-detection of seven previously known pulsars (PSRs J0006+1834, J0543+2329, J1532+2745, J1635+2418, J1906+1854, J1909+1859, and J1946+1805). A list of all the newly detected slow period pulsars is found in Table 3 , while Figure 4 shows the pulse pro les of the 14 pulsars that we have started to time. Periods of these new pulsars range from 0.14 to 1.6 seconds, and dispersion measures cover a range from 13 to 70 pc cm ?3 . Pulsars PSR J1627+1419 and PSR J1645+1012 were discovered during HL-2 and have the most robust timing solutions, with data collected between July 1991 and March 1994. Timing solutions for the remaining pulsars were determined from infrequently scheduled observations from December 1993 to June 1994 during the current Arecibo upgrade. Position measurements are listed in Table 3 for pulsars with timing data spanning 6 months or more.
The most notable slow period pulsar is PSR J0538+2817 with a rotation period of 0.143 seconds. This pulsar is positionally coincident with the supernovae remnant S147 and has a spin-down age (6 10 5 years) consistent with the estimated age of the supernova remnant of 10 5 years (Sofue et al. 1980 , Kundu et al. 1980 ). In addition, using the Taylor & Cordes (1993) dispersion measure model the distance estimate for the pulsar is 1.8 kpc, in agreement with the distance to S147 of 1:4 0:3 kpc (Clark and Caswell 1976, Milne 1979) . Discovery of PSR J0538+2817 brings the number of possible supernovae remnant pulsar associations to a total of seventeen (Frail et al. 1994) . Eight of the slow pulsars have lower limits on the distance due to the nite electron scale-height assumed in the distance model. The new slow period pulsars have distances that range from 1.3 to greater than 4.2 kpc. Including the four uncon rmed slow pulsars the distance range is even larger, from 0.7 to greater than 5.1 kpc. At least eight of the slow pulsars have double pulse components and only the millisecond pulsar PSR J1709+23 appears to have an inter-pulse.
During the nal year of the survey (HL-5) a new 2 128 channel 60 kHz fast-sampled lter-bank (PSPM) was installed and operated simultaneously with the 2 32 250 kHz lter-bank. The result was an additional 230 square degree mini-survey of RFI free sky at a sample rate of 12.5 kHz. Pulsar PSR J1709+23 was co-discovered with the new back-end, detected with a signal strength about 10% stronger than with the wide bandwidth lter-bank system. Narrower channel bandwidths and faster sampling for the new lter-bank allow for 2 mJy sensitivity to pulsars with periods down to 0.5 ms for very low DM objects ( 10 pc cm ?3 ). Until now the sub-millisecond period parameter space has remained largely unsearched. Pulsar PSR B1937+21, the rst millisecond pulsar discovered (Backer et al. 1982) , still holds the record for the shortest rotation period (1.56 ms). The discovery and subsequent timing observations of hypothesized pulsars with periods shorter than 1.5 ms would help constrain the neutron star equation of state and greatly increase our knowledge of the behavior of degenerate nuclear matter.
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